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ALIGNMENT MARK FORMING METHOD, 
SUBSTRATE IN WHICH DEVICES ARE 
FORMED, AND LIQUID DISCHARGING 

HEAD USING SUBSTRATE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method of forming an 

alignment mark used in a lithography process, a substrate in 
Which devices are formed, and a liquid discharging head 
using the substrate. 

2. Related Background Art 
Photolithography technology used for the formation of a 

desired pattern in a semiconductor device manufacturing 
process, and the like, is one in Which a resist is applied on 
the substrate to perform baking, the resist on the substrate is 
masked and exposed With a photomask in Which the desired 
pattern formed on the substrate is formed, development of 
the resist is performed, and then a material to be etched is 
removed by etching to form the desired pattern on the 
substrate. In the semiconductor device manufacturing pro 
cess, the exposure, the development, and the etching are 
repeatedly performed With various photomasks because a 
complicated pattern is formed on the substrate. Therefore, in 
order to perform alignment betWeen the substrate, in Which 
a certain pattern is already formed, and the photomask, 
Which is of a subsequent pattern original plate, it is neces 
sary that alignment marks necessary to an alignment process 
using image processing are arranged at positions Where the 
alignment marks of the substrate and the photomask are 
opposite to each other. 
As shoWn in FIG. 6, in the semiconductor device manu 

facturing process, it is a mainstream technique to form a 
plurality of desired product devices 1008 from a substrate 
1001, referred to as a Wafer, in a collective manner. In a case 
Wherein the plurality of product devices 1008 is formed 
from the substrate 1001 in a collective manner, the align 
ment mark for the alignment is arranged in an area 1007 
dedicated to the alignment mark, Which is different from the 
portion Which becomes the product devices 1008. 

FIG. 7 is an enlarged vieW shoWing the area 1007 
dedicated to the alignment mark in an area A of FIG. 6 When 
vieWed from the loWer surface side of the substrate 1001 
shoWn in FIG. 6. As shoWn in FIG. 7, a “cross-shaped” 
substrate-side alignment mark 1002 is formed in the area 
1007 dedicated to the alignment mark located in the upper 
surface of the substrate 1001. A resist pattern 1005 is formed 
in the loWer surface of the substrate 1001. The resist pattern 
1005 includes alignment mark traces 1005a, Which are 
arranged at the positions corresponding to four corners of 
the cross-shaped substrate-side alignment mark 1002. As 
shoWn in FIG. 7, the alignment mark traces 1005a are 
formed at the upper-right, loWer-right, upper-left, and loWer 
left positions of the alignment mark 1002 so as not to 
overlap the alignment mark 1002. FIG. 7 is a perspective 
vieW shoWing the substrate-side alignment mark 1002 of the 
upper surface of the substrate 1001. 

The technique of arranging the alignment mark for the 
alignment in the area dedicated to the alignment mark, 
Which is different from the portion Which becomes the 
product devices, is Well knoWn, Without citing technical 
references. 

HoWever, When the alignment mark 1002 for the align 
ment is arranged in the area 1007 dedicated to the alignment 
mark, Which is different from the area Which becomes the 
product devices 1008, a yield of the product device 1008 
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2 
obtained from the substrate 1001 is decreased by a siZe of 
the area 1007. Because the individual product device 1008 
is obtained by dicing the substrate 1001 in Which the 
plurality of product devices 1008 is formed, even if the siZe 
of the alignment mark 1002 is smaller than the area of the 
individual product device 1008, the area of each alignment 
mark 1002, Which is not used for the product device 1008, 
becomes equal to the area of each product device 1008. 
Therefore, the decrease in yield becomes remarkable as the 
area of the product device 1008 is increased. 
On the other hand, in order to eliminate the area Which is 

not used for the product device, there is a Well-knoWn 
technique in Which the alignment mark for the alignment is 
arranged in the area dedicated to the alignment mark, Which 
is different from the area Which becomes the product 
devices, but the alignment mark is provided Within the area 
of the product device itself. 

HoWever, in the technique, the area of the individual 
product device is increased by the area necessary to arrange 
the alignment mark, so that the yield of the product device 
cannot be increased much. 

Therefore, recently, the technique of arranging the align 
ment mark in the area Where the substrate is cut (usually 
referred to as a “scribe line”) is used as one of the techniques 
of solving the problem that the yield of the product device 
is decreased due to the provision of the alignment mark. In 
accordance With the technique, since the alignment mark is 
given to the point Which is cut in the dicing process, it is not 
necessary to separately reserve the area for the arrangement 
of the alignment mark on the substrate, Which alloWs the 
substrate to be effectively utiliZed to increase the yield of the 
product device. For example, such a technique is described 
in Japanese Patent Application Laid-Open No. 2003 
092246. 

Referring to FIG. 8, this technique Will be described. 
When a cutter (dicing blade) used for the cutting has a 
thickness of about 50 pm, the alignment mark 1002 can be 
arranged on a scribe line 1006 because of a ?ne rule of the 
current photolithography technology. HoWever, in this case, 
since it is necessary to form more ?nely the alignment mark, 
it is necessary to use an apparatus Which can perform the ?ne 
pattern forming With high accuracy, and such an apparatus 
is expensive. When the accuracy required for forming the 
alignment mark is higher than the accuracy required for 
forming the product device, manufacturing the product 
device With such accuracy leads to overspecifying the per 
formance of the product device. 
The above-described problem concerning the arrange 

ment of the alignment mark remarkably appears When a 
through-hole piercing the substrate is particularly made as a 
necessary function of the product device. For example, in a 
process of manufacturing an ink jet recording head, ink 
discharging energy generation elements and noZZles are 
formed on a silicon (Si) substrate, and an ink supply port for 
supplying ink from the outside to each noZZle is caused to 
pierce the Si substrate. The through-hole is usually made by 
photolithography technology. In particular, Si anisotropic 
etching or dry etching With a reaction gas is used for making 
the through-hole. In either case, it is necessary to make the 
through-hole by performing the alignment betWeen the ink 
supply port and a structure of the ink discharging energy 
generation element or noZZle, Which is arranged in the 
substrate. HoWever, the alignment mark formed on the Si 
substrate is also etched When the Si substrate is etched to 
make the through-hole. Therefore, sometimes, concave 
damage is generated in the portion Where the alignment 
mark is formed in the Si substrate. 
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When the problem is solved by forming the alignment 
mark in the area Which does not in?uence the area Which 
becomes the product device, i.e., in the area dedicated to the 
alignment mark independent for the product device, as 
described above, the yield of the product device from the 
substrate is decreased by the area dedicated to the alignment 
mark. 
When the technique of arranging the alignment mark on 

the scribe line 1006 is adopted, even if the alignment mark 
can be arranged on the scribe line 1006 in terms of siZe, 
since side etching (the etching spreads in a crossWise 
direction compared With the actual resist pattern) occurs 
from the portion Where the alignment mark is formed during 
the etching, a defect is generated in the product devices 
arranged near four comers of the alignment mark. This is not 
preferable in regards to the quality of the product device. 

Referring to FIG. 9, this phenomenon Will be described. 
Assuming that the amount of side etching generated at the 
formation point of the alignment mark trace 1005a in the 
loWer surface of the substrate 1001 is 50 um in one side 
direction When the Si substrate 1001 is etched, the alignment 
mark trace 1005a has an original siZe of 50 um by 50 um 
(see FIG. 7) and a tilt angle of a <111> surface of the Si 
substrate 1001 by the Si anisotropic etching is 54.7°, so that, 
after the side etching, the portion Where the alignment mark 
trace 1005a is formed becomes a groove 1009 having a 
shape of a quadrangular pyramid, in Which an opening 
portion is 150 pm by 150 um and a deptht is about 106 um. 

Broadening a Width of the scribe line 1006 or forming 
more ?nely, the alignment is thought of as a technique of 
decreasing the in?uence of the side etching. HoWever, the 
yield of the product device is decreased by the Width of the 
scribe line 1006 When the Width of the scribe line 1006 is 
broadened. When the alignment mark is formed more ?nely, 
there is a problem that the accuracy of the alignment is 
di?icult to maintain in the ?ne alignment mark, While the 
cost of the alignment mark forming apparatus is increased. 
Particularly, in the semiconductor device manufacturing 
process, hoW much the yield of the product device is 
obtained from the Wafer substrate largely in?uences the cost 
of the product device. Therefore, When the alignment mark 
used for the alignment betWeen the substrate and the pho 
tomask is formed on the substrate, it is necessary to arrange 
the alignment mark so that the alignment mark decreases the 
yield of the product device. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide an alignment 
mark forming method, Which enables the alignment mark 
used for the alignment betWeen the substrate and the pho 
tomask to be arranged so as not to decrease the yield of the 
product device, the substrate in Which the devices are 
formed by using the alignment mark forming method, and 
the liquid discharging head using the substrate. 

It is another object of the invention to provide an align 
ment mark forming method in Which, because the alignment 
mark is arranged in the area Which forms the device of the 
substrate and is removed by a post-process, it is not neces 
sary that an area dedicated to the arrangement of the 
alignment mark be provided, and the siZe of the device itself 
is not increased by the siZe of the alignment mark, the 
substrate in Which the devices are formed by using the 
alignment mark forming method, and the liquid discharging 
head using the substrate. 

It is still another object of the invention to provide an 
alignment mark forming method in Which, in the method of 
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4 
forming the alignment mark used for the alignment betWeen 
the substrate in Which the plurality of devices is formed and 
the photomask for masking the resist in order to perform the 
patterning of the resist applied on the substrate by the 
photolithography process, the alignment mark is formed 
Within the area, Which is removed from the substrate during 
the post-process, Which is treated to the substrate in the 
portion of the substrate Where the devices are formed, the 
substrate in Which the devices are formed by using the 
alignment mark forming method, and the liquid discharging 
head using the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan vieW shoWing a schematic con?guration 
of an embodiment of a device in a step in Which the device 
is formed by applying the alignment mark forming method 
of the invention; 

FIG. 2 shoWs a substrate in Which a resist pattern is 
formed on a loWer surface When vieWed from a loWer 
surface side; 

FIGS. 3A, 3B, 3C, 3D, 3E and 3E are vieWs for explaining 
a process of forming the device by applying the alignment 
mark forming method of the invention; 

FIG. 4 is a perspective vieW shoWing an embodiment of 
an ink jet recording head formed by applying the alignment 
mark forming method of the invention, While a part of the 
ink jet recording head is cut aWay; 

FIGS. 5A, 5B, 5C, 5D, and 5E are vieWs for explaining 
a process of forming the ink jet recording head shoWn in 
FIG. 4 by applying the alignment mark forming method of 
the invention; 

FIG. 6 is a vieW for explaining an example of a conven 
tional process of manufacturing a semiconductor device; 

FIG. 7 is an enlarged vieW shoWing an area dedicated to 
the alignment mark in an area A of FIG. 6 When vieWed from 
the loWer surface side of the substrate shoWn in FIG. 6; 

FIG. 8 is a vieW for explaining a conventional technique 
of arranging the alignment mark in a scribe line; and 

FIG. 9 is a vieW for explaining a side etching phenom 
enon. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In the invention described in detail beloW, by forming the 
alignment mark Within the area, Which is removed from the 
substrate during the process, after the process being per 
formed to the substrate, the alignment mark can be arranged 
Without reducing the yield of the device from the substrate, 
and the miniaturization of the device itself can also be 
achieved. 

Referring to the accompanying draWings, preferred 
embodiments of the invention Will be described. 

FIG. 1 is a plan vieW shoWing a schematic con?guration 
of an embodiment of the device in a step in Which the device 
is formed by applying the alignment mark forming method 
of the invention. FIG. 2 is a perspective vieW shoWing a 
substrate-side alignment mark formed in the upper surface 
of the substrate shoWn in FIG. 1 and an alignment mark trace 
of the photomask masked on the loWer surface of the 
substrate. FIG. 2 shoWs a substrate 1 in Which a resist pattern 
5 (see FIGS. 3A to 3F) is formed on the loWer surface When 
vieWed from the loWer surface side. 
As shoWn in FIGS. 1 and 2, in the device formed by 

applying the alignment mark forming method of the inven 
tion, the substrate-side alignment mark 2 is formed Within 
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the area (hereinafter referred to as “through-hole making 
area 6"’) Where a through-hole 6 (see FIGS. 3A to 3F) is 
made in the upper surface of substrate 1 during a post 
process. In the loWer surface of the substrate 1, an alignment 
mark trace 5a of the photomask, Which is a part of the resist 
pattern 5, is formed at a position opposite to the substrate 
side alignment mark 2. The substrate-side alignment mark 2 
and the alignment mark trace 5a of the photomask are 
removed When the through-hole 6 is made in the through 
hole making area 6' of the substrate 1. 

FIG. 1 shoWs only a portion Which becomes one product 
device 8 in the substrate 1.Actually, the substrate 1 has a siZe 
in Which the plurality of product devices 8 can be formed. 
The individual product device 8, shoWn in FIG. 1, can be 
obtained by cutting the substrate 1 after forming the plurality 
of product devices 8 in the substrate 1. 

In the photomask (not shoWn) used for the formation of 
the resist pattern 5 and alignment mark trace 5a in the loWer 
surface of the substrate 1, as mentioned later, the resist is 
masked When the patterning is performed to the resist 
applied to the loWer surface side of the substrate 1. The 
alignment of the photomask With respect to the substrate 1 
is performed by positioning the photomask With position 
control utiliZing image processing, so that the “cross 
shaped” alignment mark 2 on the upper surface side of the 
substrate 1 is arranged in an alignment mark of the photo 
mask, Which is formed by arranging the four square align 
ment mark traces 511 at four comers, respectively. Speci? 
cally, the position control utiliZing the image processing is 
performed such that an image of the substrate-side align 
ment mark 2 taken from the upper surface side of the 
substrate 1 and the image of the alignment mark of the 
photomask taken from the loWer side of the substrate 1 are 
superimposed on each other With the image processing, and 
the position of the photomask is adjusted so that the align 
ment marks are brought into the correct positions. 

Although the alignment mark 2 and the alignment mark of 
the photomask are formed in the above-described shapes in 
the embodiment, the shapes of the alignment marks are not 
limited to the embodiment. 

Referring to FIGS. 3A to 3F, the process of forming the 
device by applying the alignment mark forming method of 
the invention Will be described beloW. 
As shoWn in FIG. 3A, a functional element (not shoWn) 

of the device and circuit Wiring (not shoWn), Which is made 
of a Wiring material, such as aluminum and drives the 
functional element, are formed on the upper surface of the 
substrate 1 made of Si (silicon). In the upper surface of the 
substrate 1, during the formation of the functional element 
and the circuit Wiring, the substrate-side alignment mark 2 
is formed Within a range of the through-hole making area 6', 
Which is of the area Where the through-hole 6 is made in the 
substrate 1. The substrate-side alignment mark 2 is made of 
the same material as that of the Wiring material forming the 
circuit Wiring. Thus, in forming the functional element, and 
the like, in the substrate 1, the simultaneous formation of the 
substrate-side alignment mark 2 can eliminate the require 
ment for the special process of providing the substrate-side 
alignment mark 2. The substrate-side alignment mark 2 is 
used When the photomask (not shoWn) masked on the loWer 
surface of the substrate 1 in the later-mentioned process is 
aligned With substrate 1 With the position control utiliZing 
the image processing. 

FIGS. 3A to 3F also shoW only the portion Which becomes 
one product device 8 in the substrate 1. Actually, the 
substrate 1 has a siZe in Which the plurality of product 
devices 8 can be formed. 
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Then, as shoWn in FIG. 3A, While a passivation layer 3 is 

formed on the upper surface side of the substrate 1, an 
etching-resistant layer 4 is formed on the loWer surface side 
of the substrate 1. The passivation layer 3 has functions of 
both a protective layer for protecting the functional element 
and circuit Wiring, Which are formed on the upper surface of 
the substrate 1 and a stop layer of an etchant in forming the 
through-hole 6 by Wet etching. The passivation layer 3 is 
made of a material, such as SiN or PiSiO. The etching 
resistant layer 4 is formed by a silicon thermal oxidation 
?lm, and the etching-resistant layer 4 is made of a material, 
such as SiN or SiO2. 
As shoWn in FIG. 3B, the resist pattern 5, including the 

alignment mark trace 5a of the photomask is formed on the 
etching-resistant layer 4 on the loWer surface of the substrate 
1. The formation of the resist pattern 5 is performed as 
folloWs: 

First, the photoresist for forming the resist pattern 5 is 
applied on the etching-resistant layer 4. The photoresist is 
masked With the photomask (not shoWn) having the pattern 
shape formed on the substrate 1 and the alignment mark by 
aligning the photomask With the photoresist as described 
above, and then, the photoresist is exposed to perform 
development. Accordingly, the resist pattern 5 shoWn in FIG. 
3B, including the alignment mark trace 5a of the photomask, 
is formed. The alignment mark trace 5a is located Within the 
range of the through-hole making area 6' of the substrate 1. 
As shoWn in FIG. 3C, the patterning of the etching 

resistant layer 4 is performed by Wet etching using bu?‘ered 
hydro?uoric acid, Which is commercially available. After the 
patterning of the etching-resistant layer 4, the resist pattern 
5 and the alignment mark trace 5a are removed from the 
etching-resistant layer 4 (FIG. 3D). An alignment mark 
pattern 411 corresponding to the alignment mark trace 5a of 
the resist pattern 5 is formed in the etching-resistant layer 4. 

Then, the patterning is performed by etching the substrate 
1. At this point, as shoWn in FIG. 3E, the through-hole 6 is 
made in the through-hole making area 6' of the substrate 1. 
An anisotropic etching technique utiliZing crystal orien 

tation of Si and a plasma etching technique performed by 
introducing reaction gas in Which CF4, H2, 02, N2, and the 
like, are mixed are knoWn as an etching method of pattern 
ing the substrate 1. In the embodiment, it is possible to use 
these techniques. By Way of example, the case in Which the 
anisotropic etching technique is used as the etching method 
Will be described beloW. 
The Si anisotropic etching technique is one in Which the 

etching is performed by utiliZing a difference in etching rate 
betWeen a <111> surface and a <100> surface of the crystal 
orientation When the Wet etching is performed With the alkali 
etchant. In the embodiment, a 20 Wt % KOH aqueous 
solution is used, and the etching is performed by dipping the 
substrate 1 into an etchant tank in Which 20 Wt % KOH 
aqueous solution is heated at a temperature of 80° C. It is 
also possible that TMAH (tetramethyl ammonium hydrox 
ide), NaOH, and hydraZine are used as another etchant. 
When the through-hole 6 is made by using the Si aniso 

tropic etching technique, it should be noted that the siZe of 
the alignment mark pattern 411 of the etching-resistant layer 
4 patterned in the shape of the alignment mark trace 5a is 
determined in consideration of the in?uence of side etching. 
In the Si anisotropic etching, generally, the Si substrate 1 is 
etched to be larger than the siZe of the mask of the etching 
resistant layer 4 by the in?uence of the side etching. In the 
anisotropic etching of the embodiment, since the side etch 
ing phenomenon is also generated, it is necessary to deter 
mine the siZe of the alignment mark pattern 411 formed in the 
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through-hole making area 6' of the etching-resistant layer 4 
by previously grasping the amount of side etching. 

The siZe of the alignment mark pattern 411 formed in the 
through-hole making area 6' of the etching-resistant layer 4 
is formed to be smaller than the siZe of an aperture of the 
through-hole 6 of the post-side etching. Therefore, the 
alignment mark pattern 411 provided Within the through-hole 
making area 6' of the etching-resistant layer 4 can be 
eliminated With no in?uence on the through-hole 6 by 
simultaneously etching the alignment mark pattern 411 in 
making the through-hole 6. In the embodiment, because of 
the siZe of the through-hole 6, When the siZe of the alignment 
mark pattern 411 formed in the through-hole making area 6' 
of the etching-resistant layer 4 is not more than 100 um by 
100 pm, the through-hole 6 can be made While the side 
etching in?uences the through-hole 6. 

In the upper surface of the substrate 1, the substrate-side 
alignment mark 2 provided Within the through-hole making 
area 6' is also eliminated in forming the through-hole 6 by 
the Wet etching. 

Finally, the portion of the passivation layer 3 opposite to 
the through-hole 6 is removed by the etching. Therefore, as 
shoWn in FIG. 3F, the through-hole 6, piercing the substrate 
1 and the layers 3 and 4 on the upper and loWer surfaces of 
the substrate 1, is formed. The individual product device 8 
can be obtained by cutting the plurality of product devices 
8 formed on the substrate 1 along a scribe line (not shoWn). 

In the embodiment, the substrate-side alignment mark 2 
and the alignment mark pattern 411 of the etching-resistant 
layer 4 can be eliminated With no in?uence on the formation 
of the through-hole 6 in making the through-hole 6 by 
arranging the substrate-side alignment mark 2 and the align 
ment mark pattern 411 of the etching-resistant layer 4 in the 
through-hole making area 6'. Therefore, it is not necessary 
that the area dedicated to the arrangement of the alignment 
mark be provided in the area different from the area Where 
the product device 8 is located. Further, the area dedicated 
to the arrangement of the alignment mark is not provided in 
the product device 8, but the alignment mark is arranged in 
the area Which is removed by the etching in forming the 
through-hole 6, so that the siZe of the product device 8 is not 
increased by the siZe of the alignment mark. As a result, in 
accordance With the embodiment, the alignment mark can be 
arranged so that the yield of the product device 8 is not 
decreased, and miniaturization of the product device 8 can 
be achieved. 

Another Embodiment 

FIG. 4 is a perspective vieW shoWing an embodiment of 
an ink jet recording head formed by applying the alignment 
mark forming method of the invention, While a part of the 
ink jet recording head is cut aWay. 
As shoWn in FIG. 4, an ink jet recording head 100 of the 

embodiment has the substrate 1 and a noZZle channel Wall 
member 103 provided on the upper surface of the substrate 
1. An ink discharging energy generation element 101, an 
electrode 110, and the like, are formed on the upper surface 
of the substrate 1. An ink supply port 105 piercing the 
substrate 1 is formed in the substrate 1. An ink noZZle 104, 
and the like, are formed in the noZZle channel Wall member 
103. 
The ink supply port 105 extends in a lengthWise direction 

of the substrate 1, and the plurality of ink discharging energy 
generation elements 101 is arranged in tWo lines on both 
sides of the ink supply port 105 in the upper surface of the 
substrate 1. The plurality of electrodes 110 are provided near 
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8 
both ends in the lengthWise direction of the substrate 1, and 
these electrodes 110 are formed as a group of electrodes 111 
in the proximity of each end portion, respectively. 
The ink noZZle 104 formed in the ink channel Wall 

member 103 is located above the ink discharging energy 
generation element 101 on the substrate 1. Therefore, similar 
to the ink discharging energy generation elements 101 on the 
substrate 1, a group of ink noZZles 112 formed by the ink 
noZZles 104 is formed in tWo lines. 
A common liquid chamber (not shoWn) for tentatively 

storing ink supplied from an ink tank (not shoWn) is pro 
vided on the loWer surface side of the substrate 1. The ink 
stored in the common liquid chamber is fed to an ink channel 
106 (see FIG. 5E) formed by the noZZle 104 through the ink 
supply port 105, and the ink is supplied to surroundings of 
the ink discharging energy generation element 101 provided 
in accordance With each ink channel. When thermal energy 
generated by the ink discharging energy generation element 
101 is given to the ink supplied to the surroundings of the ink 
discharging energy generation element 101, an ink droplet is 
discharged from the ink noZZle 104 due to pressure by 
groWth of a bubble generated in the ink. The discharged ink 
droplet adheres to a recording medium (not shoWn) to record 
characters, images, and the like, in the recording medium. 
The process of forming the ink jet recording head shoWn 

in FIG. 4 by applying the alignment mark forming method 
of the invention Will be described beloW referring to FIGS. 
5A to SE. 
As shoWn in FIG. 5A, the ink discharging energy gen 

eration element 101, the electrode 110 (not shoWn in FIGS. 
5A to SE), and the circuit Wiring (not shoWn), Which is a 
mode of the Wiring material, such as aluminum and drives 
the ink discharging energy generation element 101, are 
formed on the upper surface of the substrate 1 made of 
silicon. In the upper surface of the substrate 1, during the 
formation of the ink discharging energy generation element 
101, the electrode 110, and the circuit Wiring, the substrate 
side alignment mark 2 is formed Within the range of an ink 
supply port forming area 105', Which is of the area Where the 
ink supply port 105 is formed. The substrate-side alignment 
mark 2 is made of the same material as that of the Wiring 
material forming the circuit Wiring. The simultaneous for 
mation of the substrate-side alignment mark 2 in forming the 
ink discharging energy generation element 101, and the like, 
in the substrate 1 can eliminate the requirement for the 
special process of providing the substrate-side alignment 
mark 2. The substrate-side alignment mark 2 is used When 
the photomask (not shoWn) masked on the loWer surface of 
the substrate 1 in the later-mentioned process is aligned With 
substrate 1 With the position control utiliZing the image 
processing. 

FIGS. 5A to SE shoW only the portion, Which becomes 
one ink jet recording head 100, in the substrate 1. Actually, 
the substrate 1 has a siZe in Which a plurality of ink jet 
recording heads 100 can be formed. 

Then, as shoWn in FIG. 5A, While a passivation layer 3 is 
formed on the upper surface side of the substrate 1, an 
etching-resistant layer 4 is formed on the loWer surface side 
of the substrate 1. The passivation layer 3 has the functions 
of both the protecting layer for protecting the ink discharg 
ing energy generation element 101 and circuit Wiring, Which 
are formed on the upper surface of the substrate 1 and the 
stop layer of the etchant in forming the ink supply port 105 
by Wet etching. The passivation layer 3 is made of a material 
such as SiN or PiSiO. The etching-resistant layer 4 is 
formed by a silicon thermal oxidation ?lm and the etching 
resistant layer 4 is made of a material such as SiN and SiO2. 
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As shown in FIG. 5A, the resist pattern 5 including the 
alignment mark trace 5a of the photomask is formed on the 
etching-resistant layer 4 on the loWer surface of the substrate 
1. The formation of the resist pattern 5 is performed as 
folloWs: 

First, the photoresist for forming the resist pattern 5 is 
applied on the etching-resistant layer 4. The photoresist is 
masked With the photomask (not shoWn) having the pattern 
shape formed on the substrate 1 and the alignment mark by 
aligning the photomask With the photoresist, as described 
above, and then, the photoresist is exposed to perform 
development. Accordingly, the resist pattern 5 shoWn in FIG. 
5B, including the alignment mark trace 5a of the photomask, 
is formed. The alignment mark trace 5a is located Within the 
range of the ink supply port forming area 105' of the 
substrate 1. 
A shoWn in FIG. 5B, the patterning of the etching 

resistant layer 4 is performed by Wet etching using bu?‘ered 
hydro?uoric acid, Which is commercially available. After the 
patterning of the etching-resistant layer 4, the resist pattern 
5 and the alignment mark trace 5a are removed from the 
etching-resistant layer 4. The alignment mark pattern 4a, 
corresponding to the alignment mark trace 5a of the resist 
pattern 5, is formed in the etching-resistant layer 4. 
As shoWn in FIG. 5C, a template member 102 is formed 

on the passivation layer 103 on the upper surface side of the 
substrate 1, and then, the nozzle channel Wall member 103 
is formed on the substrate 1. The template member 102 is 
one Which forms the ink channel 106 communicating the ink 
supply port 105 and the ink nozzle 104 to the nozzle channel 
Wall member 103. The template member 102 is removed in 
the subsequent process. After the nozzle channel Wall mem 
ber 103 is provided so as to cover the Whole of the template 
member 102 formed on the substrate 1, the portion of the 
nozzle channel Wall member 103 is opened above the ink 
discharging energy generation element 101 of the substrate 
1 by photolithography, to form the ink nozzle 104. 

Then, the patterning is performed by etching the substrate 
1. At this point, as shoWn in FIG. 5D, the ink supply port 105 
is made in the ink supply port forming area 105' of the 
substrate 1. The anisotropic etching technique utilizing the 
crystal orientation of Si and the plasma etching technique 
performed by introducing reaction gas in Which CF4, H2, 02, 
N2, and the like, are mixed, are knoWn as the etching method 
of patterning the substrate 1. In the embodiment, it is also 
possible to use these techniques. Since a detailed description 
about the etching technique is similar to the description of 
FIG. 3E, the description of the etching technique Will be 
omitted. 

In the embodiment, the size of the alignment mark pattern 
411 formed in the ink supply port forming area 105' of the 
etching-resistant layer 4 is formed to be smaller than the size 
of the aperture of the ink supply port 105 of the post-side 
etching. Therefore, the alignment mark pattern 411 provided 
Within the ink supply port forming area 105' of the etching 
resistant layer 4 can be eliminated With no in?uence on the 
ink supply port 105 by simultaneously etching the alignment 
mark pattern 411 in making the ink supply port 105. In the 
upper surface of the substrate 1, the substrate-side alignment 
mark 2 provided Within the ink supply port forming area 
105' is also eliminated in forming the ink supply port 105. 
The passivation layer 3 formed on the upper surface of the 
substrate 1 acts as the etching stop layer in the process of 
making the ink supply port 105 by the Wet etching. 

Finally, the portion of the passivation layer 3 opposite to 
the ink supply port 105 is removed by the etching. There 
fore, as shoWn in FIG. 5E, the ink supply port 105 piercing 
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10 
the substrate 1, and the layers 3 and 4 on the upper and loWer 
surfaces of the substrate 1, is formed. After the ink supply 
port 105 is formed, the template member 102 is removed by 
dissolution With a dissolving solution. Therefore, the ink 
channel 106 communicating the ink supply port 105 and the 
ink nozzle 104 is formed in the nozzle channel Wall member 
103. The individual ink jet recording head 100 can be 
obtained by cutting the plurality of ink jet recording heads 
100 formed on the substrate 1 along the scribe line (not 
shoWn). 

In the embodiment, the substrate-side alignment mark 2 
and the alignment mark pattern 411 of the etching-resistant 
layer 4 also can be eliminated With no in?uence on the 
formation of the ink supply port 105 in making the ink 
supply port 105 by arranging the substrate-side alignment 
mark 2 and the alignment mark pattern 411 of the etching 
resistant layer 4 Within the ink supply port forming area 105'. 
Therefore, it is not necessary that the area dedicated to the 
arrangement of the alignment mark be provided in the area 
different form the portion Which becomes the ink jet record 
ing head 100 of the substrate 1. Further, the area dedicated 
to the arrangement of the alignment mark is not provided in 
the product device 8, but the alignment mark is arranged in 
the area Which is removed by the etching in forming the ink 
supply port 105, so that the size of the ink jet recording head 
100 is not increased by the size of the alignment mark. As 
a result, in accordance With the embodiment, the alignment 
mark can be arranged so that the yield of the ink jet 
recording head 100 is not decreased, and miniaturization of 
the ink jet recording head 100 can be achieved. 

Claim of Priority 

This application claims priority from Japanese Patent 
Application No. 2003-340193, ?led Sep. 30, 2003, Which is 
hereby incorporated by reference herein. 

What is claimed is: 
1. A method of manufacturing functional elements by 

forming a plurality of functional elements each having a 
through-hole piercing a surface on a substrate, said method 
comprising the steps of: 

forming an alignment mark on a surface of the substrate 
in an area in Which the functional elements are consti 
tuted and the through-hole is formed in an additional 
process; 

forming an anti-etching layer on a reverse surface of the 
substrate; 

providing on the reverse surface of the substrate a pho 
tomask having a pattern shape for forming the through 
hole and a mark shape for positioning the alignment 
mark, the mark shape being located at a position 
corresponding to a region Where the through-hole is 
formed on the reverse surface of the substrate and 
capable of being positioned to the alignment mark; 

forming an opening corresponding to the area and a 
portion corresponding to the mark shape by etching the 
anti-etching layer; and 

forming the through-hole by removing a portion, Which is 
the through-hole, including the mark shape, from the 
substrate. 

2. A method according to claim 1, Wherein in said step of 
forming the alignment mark, the alignment mark is formed 
When the member constituting the functional elements is 
stored. 

3. A method according to claim 2, Wherein the member 
and the alignment mark are formed of the same material. 
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4. A method according to claim 1, wherein the through 
hole is formed by applying an isotropic etching to silicon as 
the substrate. 

5. A method according to claim 1, Wherein a siZe of the 
mark shape is smaller than that of an opening of the 
through-hole at the reverse surface of the substrate. 

6. A method of manufacturing a liquid discharge head 
including a discharge port for discharging liquid, a liquid 
channel communicated With the discharge port in order to 
supply the liquid to the discharge port, and an energy 
generation element for generating energy in order to dis 
charge the liquid ?lled in the liquid channel from the 
discharge port, said method comprising the steps of: 

forming an alignment mark on a surface of the substrate 
in an area in Which a head device is constituted and a 
liquid supply port piercing the substrate is formed in an 
additional process; 

forming an anti-etching layer on a reverse surface of the 
substrate; 

providing on the reverse surface of the substrate a pho 
tomask having a pattern shape for forming the liquid 
supply port and a mark shape for positioning the 
alignment mark, the mark shape being located at a 
position corresponding to a region Where the liquid 
supply port is formed on the reverse surface of the 
substrate and being capable of being positioned to the 
alignment mark; 

forming an opening corresponding to the area and a 
portion corresponding to the mark shape by etching the 
anti-etching layer; and 

forming the liquid supply port by removing a portion, 
Which is the liquid supply port, including the mark 
shape, from the substrate. 

7. A method according to claim 6, Wherein in said step of 
forming the alignment mark, the alignment mark is formed 
When the member constituting the functional elements is 
stored. 

8. A method according to claim 7, Wherein the member 
and the alignment mark are formed of the same material. 

9. A method according to claim 6, Wherein the liquid 
supply channel is formed by applying an anisotropic etching 
to silicon as the substrate. 
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10. A method according to claim 6, Wherein a siZe of the 

mark shape is smaller than that of an opening of the liquid 
supply channel at the reverse surface. 

11. A method according to claim 1, Wherein in said step 
of forming the through-hole, the alignment mark is removed. 

12. A method according to claim 6, Wherein in said step 
of forming the through-hole, the alignment mark is removed. 

13. A method of manufacturing a functional element by 
forming a functional element on a surface of a substrate, said 
method comprising the steps of: 

forming an alignment mark on a surface of the substrate 
in an area in Which the functional element is consti 
tuted, and a recess portion is formed from a reverse 
surface of the substrate in an additional process; 

forming an anti-etching layer on the reverse surface of the 
substrate; 

providing on the reverse surface of the substrate a pho 
tomask having a pattern shape for forming the recess 
portion and a mark shape for positioning the alignment 
mark, the mark shape being located at a position 
corresponding to a region Where the recess portion is 
formed on the reverse surface of the substrate and 
capable of being positioned to the alignment mark; 

forming an opening corresponding to the region and the 
mark shape by etching the anti-etching layer; and 

forming the portion penetrating the surface of the sub 
strate. 

14. A method according to claim 13, Wherein in said step 
of forming the alignment mark, the alignment mark is 
formed When the member constituting the functional ele 
ments is stored. 

15. A method according to claim 13, Wherein the member 
and the alignment mark are formed of the same material. 

16. A method according to claim 13, Wherein the portion 
removed after alignment is formed by applying an isotropic 
etching to silicon as the substrate. 

17. A method according to claim 13, Wherein a siZe of the 
mark shape is smaller than that of an opening of the portion 
removed after alignment at the reverse surface of the sub 
strate. 


